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$(*)\exists c\geq 0,$ $||x\otimes y||_{\Phi}\leq c||x||_{\Phi}||y||_{\Phi},$ $\forall x,$ $y$
$(**)$
.
$\exists c\geq 0,$ $||x\otimes y||_{\Phi}\geq c||x||_{\Phi}||y||_{\Phi},$ $\forall x,$ $y$ .
Pisier –
. , Hilbert $H$
$B(H)$ , Banach $E$ ,
$E$ $M_{n}(E),$ $n\in \mathrm{N}$ $||\cdot||_{n}$ $||\cdot||_{1}$
$E$ – , $E$ $B(H)$
$j:Earrow B(H)$ ,




2 . Ruan .
(M1) $||||_{m+n}={\rm Max}\{||x||_{m}, ||y||_{n}\},$ $x\in M_{m}(E),$ $y\in M_{n}(E),$ $m,$ $n\in$
$\mathrm{N}$ ,
(M2) $||axb||_{n}\leq||a||||x||_{m}||b||,$ $x\in M_{m}(E),$ $a\in M_{n\mathrm{X}m},$ $b\in M_{m\cross n},$ $m,$ $n\in \mathrm{N}$ ,
$M_{m\mathrm{x}n}=M_{m\mathrm{x}n}(\mathbb{C})$ , $axb$ .
Hilbert $R$ Hilbert
$C$ . Banach Hilbert $H$ ,
$H$ $(\xi_{i})_{i\geq 1}$ , $T_{i},$ $i=1,$ $\ldots,$ $n$
$|| \sum_{i=1}^{n}\xi_{i}\otimes T_{i}||\sum_{i=1}^{n}T_{i}T_{i}^{*}||\sum_{i=1}^{n}\xi_{i}\otimes T_{i}||\sum_{:=1}^{n}T_{i}^{*}T_{i||^{1/2}}$,
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. . $E_{0},$ $E_{1}$ Banach
. $0<\theta<1$ $(E_{0}, E_{1})_{\theta}$ . $E_{0},$ $E_{1}$
, $n\in \mathrm{N}$ $M_{n}((E_{0}, E_{1})_{\theta})$
$(M_{n}(E_{0}), M_{n}(E_{1}))_{\theta}$ –
.
Pisier [1, Theorem 8.4] –
. $K$ Hilbert . $T= \sum_{i}\xi_{\mathfrak{i}}\otimes T_{i}$
$H\otimes B(K)$ Pisier $R(\theta)=(R, C)_{\theta}(0\leq\theta\leq 1)$
$|| \sum_{i}\xi:\otimes T_{i}||_{R(\theta)\emptyset B(K)}\mathrm{m}\mathrm{I}\mathrm{n}=\sup\{||\sum_{i}T_{i^{X}}T_{i}^{*}||_{\mathrm{p}}^{1/2}$ : $x\in \mathfrak{S}_{\mathrm{p}},$ $x\geq 0,$ $||x||_{\mathrm{p}}\leq 1\}$ ,




. $\mathfrak{S}$ $||\cdot||_{s}$ 3
:
(1 . $||_{s}$ $\mathfrak{S}$ ;
(2) $x$ 1 , $||x||_{s}=||x||$ ;
(3) $||axb||_{\mathit{8}}\leq||a||||x||_{s}||b||(\forall a, b\in B(H),$ $\forall x\in \mathfrak{S})$ .
, $(\mathfrak{S}, ||\cdot||_{s})$ Banach , .
$(\mathfrak{S}, ||\cdot||_{\mathit{8}})$
. , $x\in \mathfrak{S}$ $||x||_{s}$
( $(s_{i}(x))_{i\geq 1}$ ) . , $\Phi$




. , Schatten P- $(1 \leq P\leq\infty)$
$||x||_{p}=( \sum_{\dot{f}=1}^{\infty}s_{i}(x)^{p})^{1/\mathrm{p}}$
.




. $\rho\tau$ $\{\xi_{i}\}_{i=1}^{\infty}$ . 2
$\Phi$ $\Psi$ $\Psi\leq\Phi$ , $T\in H\otimes M_{n}$ $||\cdot||_{\Phi,\Psi}$
$||T||_{\Phi,\Psi}=||\rho_{T}$ : $\mathfrak{S}_{\Phi}arrow \mathfrak{S}_{\Psi}||^{1/2}$
. $(H\otimes M_{n}, ||\cdot||_{\Phi,\Psi})$
$H(\Phi, \Psi)$ . $\Phi=\Psi$ , $H(\Phi, \Phi)$ $H(\Phi)$ .
Ruan (M2) . , $\Phi$
$\Psi$ $H(\Phi, \Psi)$
. $H(\Phi, \Psi)$ . $H(\Phi)$
$\Phi$ Schatten , $R(\theta)$
.
1. $\Phi$ $\Psi$ $\Phi\geq\Psi$ . $H(\Phi, \Psi)$
, $x,$ $y$ , z\in S
$\frac{||x\otimes y||_{\Psi}}{||x||_{\Psi}}\leq\frac{||z\otimes y||_{\Phi}}{||z||_{\Phi}}$
. , $\Phi=\Psi$ , $\Phi$ ( $||x\otimes y||$ $=$
$||x||_{\Phi}||y||_{\Phi})$ .
. $x,$ $y,$ $z$ . $n\in \mathrm{N}$ ,
, $x=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(x_{i}),$ $y=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(y_{j}),$ $z=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(z_{i})\in M_{n}$ . ,
$w=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(w_{j})$ $T= \sum_{i,j=1}^{n}\xi_{1j}\otimes(z_{i}w_{j})^{1/2}e_{ij}$ .
, ( )- 1 $0$ . $\rho\tau(x)=$
$\sum_{i,j}(z_{i}w_{j})x_{j}e_{ii}$
$|| \rho\tau||=\sup_{x}\frac{||\langle x,w\rangle z||_{\Psi}}{||x||_{\Phi}}=||w||_{\Phi}\cdot||z||_{\Psi}$
. - , $S=T\oplus\cdots\oplus T$ $T$ $n$- . (M1)
,
$|| \rho\tau||\geq\frac{||\rho s(x\otimes y)||_{\Psi}}{||x\otimes y||_{\Phi}}$
. $||\rho s(x\otimes y)||_{\Psi}=|\langle x,w$) $|||z\otimes y||\Psi$ ,
$||w||_{\Phi} \cdot||z||_{\Psi}\geq\frac{|\langle x,w\rangle|||z\otimes y||_{\Psi}}{||x\otimes y||_{\Phi}}$
. $w$ , .
, $x$ $z$ 1 .




2. $\Phi k,$ $\Psi$ $\Phi\geq\Psi$ , $x\in B(H)$ .
$||x||_{CB(R,H(\Phi,\Psi))}=( \sup_{a\in 6_{\Phi}}\frac{|||x|^{2}\otimes a||_{\Psi}}{||a||_{\Phi}})^{1/2}$
.
. $x=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(\lambda_{1}, \ldots, \lambda_{n}),$ $\lambda_{1}\geq\ldots\geq\lambda_{n}\geq 0$ .
$||x||_{CB(R,H(\Phi,\Psi))}= \sup_{T\in R,a\in 6_{l,+}},$
$||a||v \leq 1\{||\sum_{i}\lambda_{\mathfrak{i}}^{2}T_{i}aT_{i}^{*}||_{\Psi}^{1/2}\}$
. $||T||_{R}\leq 1$ , $|| \sum_{i}T_{i}T_{i}^{*}||\leq 1$ , $(T_{i}^{*}T_{j})_{ij}\leq I$
.
$|| \sum_{i=1}^{n}\lambda_{i}^{2}T_{i}aT_{i}^{*}||_{\Psi}$ $=$ $||$ diag$(\lambda_{1}^{2}a, \ldots, \lambda_{n}^{2}a)||_{\Psi}$
$=$ $||\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(\lambda_{1}a^{1}\mathrm{w}, \ldots, \lambda_{n}a\mathrm{i})(T_{i}^{*}T_{j})\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(\lambda_{1}a^{1}’, \ldots, \lambda_{n}a8)||_{\Psi}$
$\leq$ $|||x|^{2}\otimes a||_{\Psi}$ .
. , $\{T_{1}\}_{i=1}^{n}$ $T_{i}^{*}T_{j}=\delta_{ij}I$ ,
$\delta_{ij}$ Kronecker delta .
$\Psi$ $(*)$ $CB(R, H(\Phi, \Psi))$
$\mathfrak{S}_{\Psi}$ . $H(\Phi)$
$\Phi$ Schatten .
$(*)$ $(**)$ Schatten . $\Phi$
, p $q_{\Phi}$
$p_{\Phi}= \lim_{narrow}\inf_{\infty}\mathrm{f}\frac{\log n}{\log||P_{n}||_{\Phi}},$ $q_{\Phi}= \lim_{narrow}\sup_{\infty}\frac{\log n}{\log||P_{n}||_{\Phi}}$ .
. , $P_{n}$ $n$ . $1\leq p$ $\leq$
$q_{\Phi}\leq\infty$ .
3. $\mathfrak{S}_{\Phi}$ $(*)$ $(**)$ ,
$p= \lim_{narrow\infty}\frac{\log n}{\log||P_{n}||_{\Phi}}\in[1, \infty]$
.
10
. $(*)$ . , $m\in \mathrm{N}$ ,
$||P_{m^{k}}||_{\Phi}\leq c^{k-1}||P_{m}||_{\Phi}^{k}$ , $\forall k\in \mathrm{N}$
. $\{t_{i}\}_{i=1}^{\infty}$ $\mathrm{N}$ , $\mathrm{N}$ $\{k_{i}\}_{i=1}^{\infty}$
$m^{k_{i}}\leq t_{i}<m^{k_{:}+1}$ .












$N_{\Phi}(x)\leq||x||_{q}$ $\leq||x||_{p}$ $\leq M_{\Phi}(x)$ .
. $x=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(\lambda_{1}, \ldots, \lambda_{m}),$ $\lambda_{1}\geq\ldots\geq\lambda_{m}\geq 0$ ,
$x^{\otimes n}= \sum_{i=1}^{N}t:e$ :
$x$ $n$- . $N\leq$
. Pj=\Sigma l $e_{i}$ , $j$
$\sum_{i=1}^{n}t_{i}e_{i}=\sum_{l=1}^{n}(t_{j}-t_{j-1})p_{j}\geq t_{jp_{j}}$
,




. $\epsilon>0$ , $D>0$
$||p_{j}||_{\Phi}\geq D(\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}p_{j})^{1/(p+\epsilon)},$ $\forall j\in \mathrm{N}$
. $||x^{\otimes n}||_{\Phi}\leq M_{\Phi}(x)^{n}$ ,





, $(*)$ $P$ 3 $||x||_{P}\leq$
$c||x||_{\Phi}$ , $(**)$ $c||x||_{\Phi}\leq||x||_{P}$ . , $\Phi$
, $\Phi$ Schatten P- 1
.
5. $\Phi$ . $H(\Phi)$
$\Phi$ Schatten P- $(1 \leq P\leq\infty)$ .
$\Phi$ $\Psi$ . 1
$H(\Phi, \Psi)$ , $P\Psi=1$ $\Phi$
, $q_{\Phi}=\infty$ $\Psi$ .
$H(\Phi, \Psi)$ .
1. $\Phi$ . $\overline{\Phi}$
$\tilde{\Phi}(x)=\Phi(s_{1}(x)^{2}, \ldots, s_{n}(x)^{2}, \ldots)^{1/2}$
. $\Phi$ $\mathrm{Q}$- , $\Psi$




6. $\Phi$ $\mathrm{Q}^{*}-$ $\Psi$ Q- . $H(\Phi, \Psi)$
.
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